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ABSTRACT 

A search has been conducted of l i t ega tu re  publikhed after January 1962 t o  obtain 
information on the  mechanism of interact ion of ethylene oxide and polymeric and 
non-organic compounds. 

Ethylene oxide i s  a highly react ive agent capable of par t ic ipa t ing  i n  a wide 
v a r i e t y  of react ions and capz31e of modifying the  physical and chemical proper t ies  
of many com9ounds. Two types of reactions a re  of pa r t i cu la r  i n t e r e s t  i n  t h i s  
program; condensation and polymerization. The condensation of ethylene oxide 
with another compound Broceeds by  attachment of t he  broken epoxy r ing  t o  an 
ac t ive  hydrogen. 
forms compounds of low v o l a t i l i t y ,  po ten t ia l ly  hazardous t o  e l e c t r i c a l  contact 
and thermal control  surfaces. 

Polymerization, catalyzed by bases and other inorganic salts, 

MTRODUCTKIN 

Ethylene oxide, alone or  i n  conjunction with fl.uorocarbons such as Freon 12, has 
been used as an e f fec t ive  fungicide, 
k i l l  bac te r ia ,  insects,  fungi and other organisms. It has been p a r t i c u l a r l y  
valuable i n  systems where heat  s t e r i l i z a t i o n  i s  not prac t ica l .  
ethylene oxide i s  very reac t ive  and therefore not a l l  materials can be s t e r i l i z e d  
wi th  ethylene oxide without undergoing some chemical and physical change which 
may prove detrimental  t o  the  mater ia ls '  function. 
committed, f o r  use as  a s t e r i l a n t ,  f o r  various spacecraft  systems. 
por tan t  t o  be forewarred of any deleterious e f f e c t s  t h a t  ethylene oxide can pro- 
auce and t o  compensate o r  redesign. Failure t o  do s o  could cause lo s s  of a 
spacecraf t  because of malfunction of a component. Consequently, t he  l i t e r a t u r e  
has been searched from January 1962 t o  the  present i n  order t o  gain in s igh t  
i n t o  possible  damge t h a t  can result from ethylene oxide treatment. Prior,  t o  
January 1962 an extensive l i t e r a t u r e  search had been madel so t h i s  l i t e r a t u r e  
search br ings  the  survey up t o  date.  

fumigant and s t e r i l i z a t i o n  agent. It w i l l  

Chemically, 

Ethylene oxide has been 
It is  i m -  

. In  searching the l i t e r a t u r e  no d i r e c t  reference has been found as t o  the damage 
of a material t h a t  i s  t r ea t ed  with ethylene oxide. 
of t h e  react ions t h a t  polymers, organics and other materials can undergo with 
ethylene oxide, ins ight  can be gained as t o  possible  damage t h a t  can result. 

However, through a knoxledge 

Sriefly, t h e  high r e a c t i v i t y  of ethylene oxide i s  due t o  the highly s t r a ined  
nature of a three  membered oxirane ring. 
opened and undergo condensation with i t s e l f  or  a second substance. 
which possess l a 5 i l e  hydrogen a re  pa r t i cu la r ly  reac t ive  towards ethylene oxide. 
For example, alcohols can reac t  as  follows 

This r ing  s t ruc ture  can be easily 
Compounds 

/ O \  
R-OH + CH2 - CH2- R-O-CHz-CH2-OH 

Other hydroxy containing compounds which include such natural  compounds such as 
ce l lu lose  i n  i t s  various forms (starch, proteins,  keratinous substances, l i gn in )  
can react with ethylene oxide. Thus, treatment of  such materials with ethylene 
oxide can modify the chemical and physical propert ies .  . 
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Rigid polyester urethaze foam have been made S y  a d d h g  a polyester (from 
trimethyl;u-Gpane a32pk acid arid phthalic anhyi-jrZde) t o  2-ethylhexyl- 
e s t e r  of penta-sodiun tripolyp3osphste and ethylene oxide cofidensate 

prepared by condensing ethylene oxMe with tert-octylphenol i n  the presence 
of trioxane. 

Polyurethane foams have been prepared from pdly(oxypropy1ene)diol (mol. 
w t .  II 2000 and prepared from propylene oxide and water), 2000 p a r t s  branched 
poly( oxy-propylene oxide and glycerol), 0.25 pa r t  zinc dinnyl dithiophosphate, 
3.2 pa r t s  alkylsilane-poly(oxopropy1ene) copolymer, and a solut ion of 1.75 
p a r t s  4-dimethylanino-pyridLne i n  11.6 pa r t s  water, 152 par t s  of a 80:20 
tolylene 2, b a n d  2, 6rdiisocyanate mixture was added, and the resu l t ing  mixture 
was placed i n  a. mold. Expansiog gave a f lex ib le  foamwith good physical 
propert ies  13. 

* \  with tert-octylphenylonethme 12. The ethylene oxide condensate was 

a .  

Sone of the  polyethers prep red from ethylene oxide have found appl icat iog 
as emulsifiers f o r  la texes  t .  These emulsifiers a re  prepared by  the re- 
act ion of 5-50 moles of ethylene oxide with I. mole phenql-or f a t t y  alcohol. 

It is  in te res t ing  t o  note t h a t  ethylene oxide can polymerize i n  the  presence 
of the  appropriate inorganic catalyst .  For example, the su l f a t e s  of calcium, 
zinc, baruim, magnesium, and aluminum a re  such catalyst7.  
the exception of zinc su l fa te  y i e ld  so l id  polymers, the l a t t e r  y ie lds  a l i q u i d  
polymer. 
sure 
su l t i ng  polyners a re  soluble i n  benzene and water, bu t  insoluble i n  petro- 
leum ether  and a l ipha t i c  hydrocarbons. 

. 

These salts with . 

These polymerizations can even be carr ied out a t  atmospheric pres- 
and moderate tenperature (180-200°c i n  the case of CaS04,2H20). The re-  

The a b i l i t y  of ethylene oxide t o  add the hydroxyethyl group t o  a compound 
results i n  increasing the water so lub i l i t y  of the compound. 
mater ia ls  such as f a t t y  acid, f a t t y  amines, f a t t y  alcohols, a lkylated phenols 
have been converted t o  polyoxyethylated derivatives which have found use' a s  

enu l s i f i e r s  and wetting agents. 

Alkylphenol-f ormaldehyde and dkylcresolformaldehyde res ins  have been reacted 
with ethylene oxide t o  form nonionic surface-active products 5 ,  For example, 
nonionlc surface-active products have been prepared by condensation of 
isooctylphenol-formaldehyde, dodecylphenolformaldehyde, isooctylcresol  
formaldehyde and dodecylcresol-formaldehyde with ethylene oxide. 
hydraxide i s  used a s  the ca t a lys t  t o  promote the react ion of ethylene oxide 
with these resins .  

Hydrophobic 

2' surface-active agents, dispersants, penetrants, detergents, s t ab i l i ze r s ,  

Sodium 

Non-ionic surface-active products have been prepared by the  react ion of 
. naphthenic acids and ethylene oxide using sodium hydroxide as a ca t a lys t  6 . 

Nylon as been nad? nore soluble i n  ethanol by ethoxylation with ethylene 
oxide 8. The resu l t ing  product i s  soluble t o  the extent of 10-40$ i n  hot 
ethanol and ca,n be deposited from such solutions a t  room temperature. The 
products a r e  useful  i n  the deposition of diffusion b a r r i e r s  i n  laminated 
non-metallic c e l l s  a d  bledders f o r  fue l s  and lubricant  transport ,  and f o r  
impregnating ar-d s iz ing of porous ar?d (or)  f ibrous materials, e.g., f e l t ,  
paper and lea ther .  

w 

. .  
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Copol.ymers of ethylene oxide or  propylene oxide with f luorinated mononers 
such as  t r  ifluorochlo..oet!l3ilel;e, perfluoropropene, I., l-difluoro-2-chloroethy!_ene, 
or  perfluorobutsrtiene using ultravdolet  rad ia t ion  or  a chemical c a t a l y s t  such 
as ditert-butylperoxide yielded in te rna l ly  p l a s t i c i zed  polymers 14. 
a re  usefu l  f o r  lubricants,  elastomers, and pro tec t ive  coatings. 

Polyethoxyamine prepared by the reaction of ethylene oxide and primary 
a l ipha t i c  t e r t i a r y  C18-24 amines have been used t o  p l a s t i c i z e  resinous 
polycar3onatesl5 : 

These 

Water soluble polyesters  have been prepared by  the  react ion of unsaturated 
water soluble ac id ic  polymers containing more than 10 COOH groups/mol. with 
water soluble polyethers containing more than 7 a l ipha t i c  e ther  l inkages 
(preferably approximately lOO)/nol. The soluble polyester  i s  made insoluble  
by  heating t o  150-225'. The polyethers are  prepared by  t r ea t ing  ethylene o r  
propylene oxide with hydroxy containing compounds such as alcohols, glycols, 
glycerol,  phenol, na tura l  glucosides o r  sugars, and t h e i r  copolymers. Sui tab le  
acids  are polyacryl ic  or  methacrylic acids  o r  copolyners of these with s tyrene 
v inyl  chloride, v inyl  toluene or isobutylene. 

An i n t e re s t ing  study was made of the competitive react ion of ethylene oxide 
i n  a mixture containing NH2, NH and OH groupsl7. 
group catalyzed the  react ion of ethylene oxide with amines. The S f fec t  of t h e  
ca ta lyzer  was proportional t o  its amount and t o  the  react ion temFerature. The 
reac t ion  took place p re fe ren t i a l ly  with the amino group i n  the mixture. F ina l ly  
when the  reac t ion  was car r ied  out a t  70-80'c with ROH as the  catalyzer,  color- 
less products were obtained. 

The c a t a l y t i c  e f f e c t  t e r t i a r y  amines on the  reac t ion  r a t e  of ethylene oxide 
with severa l  saturated and unsaturated long chain alcohols was s tudiedl8.  It 
was  found t h a t  t he  react ion r a t e  increased with the  b a s i c i t y  of the  amine, 
but the r a t e  was affected by N-substituted groups. 
with t h e  chain length of t he  alcohol and the rate of unsaturated alcohols was 
more rap id  than t h a t  of saturated alcohols of t h e  same carbon number. 
m a x i m u m  rate was obtained a t  80'c with any ca t a lys t .  
creased rap id ly  with the  molar r a t i o  of ca t a lys t s  t o  alcohols up t o  the  r a t i o  
0.3/1.0, but  beyond t h e  r a t i o  0.5/1.0 t h e  ;ate became near ly constant.  Finally,  
t e r t i a r y  anines were more e f fec t ive  f o r  the  reac t ion  of  ethylene oxide with 
alcohols  then potassuim hydroxide as a ca t a lys t  a t  a low temperature (90-70°C). 

It was found t h a t  the  hydroxyl 

The react ion rate decreased 

The 
The reac t ion  rate in-  
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